monly used laboratory strains, as well as three representatives of wild-derived strains, MOLF/EiJ, PWD/PhJ, and WSB/EiJ, chosen for genetic diversity (for details see Table 1 ). The 30 strains were chosen so that all seven mouse groups comprising the mouse family tree were represented (13) . Our cohorts were analyzed at 6 mo of age to profile mature mice.
MATERIALS AND METHODS
Mice. All strains were obtained from The Jackson Laboratory (TJL, Bar Harbor, ME): 129S1/SvImJ, A/J, AKR/J, BALB/cByJ, BTBR T ϩ tf/J, BUB/BnJ, C3H/HeJ, C57BL/10J, C57BL/6J, C57BLKS/J, C57BR/ cdJ, C57L/J, CBA/J, DBA/2J, FVB/NJ, KK/HlJ, LP/J, MOLF/EiJ, MRL/ MpJ, NON/LtJ, NZO/HlLtJ, NZW/LacJ, P/J, PL/J, PWD/PhJ, RIIIS/J, SJL/J, SM/J, SWR/J, and WSB/EiJ (strain names are listed in Table 1 ). In this study, eight females and eight males were analyzed for each strain at 6 mo of age.
Mice were housed in pressurized individually ventilated (PIV) cages (Thoren Caging Systems, Hazleton, PA) with HEPA filtered supply and exhaust in duplex polycarbonate cages measuring 31 ϫ 31 ϫ 214 cm that were divided into two pens with five mice/pen. Autoclaved white pine shavings (Crobb Box, Ellsworth, ME) were used as bedding. Cages and bedding were changed every 2 wk. Mice had ad libitum access to acidified water (pH 2.8 -3.1) and autoclaved pelleted diet containing 6% fat (Lab Diet 5001; PMI Nutritional International, Brentwood, MO). The animal room was maintained at 23°C on a 12 h light-12 h dark cycle.
These colonies were regularly monitored for and are free of 15 viruses (mouse hepatitis virus, two mouse parvoviruses, reovirus, Theiler's mouse encephalomyelitis virus, ectromelia virus, mouse rotavirus, thymic virus, mouse pneumonia virus, Sendai virus, murine cytomegalovirus, lactic dehydrogenase-elevating virus, K virus, mouse adenovirus, and polyoma virus), 17 bacterial species (including Helicobacter spp. and P. pneumotropica), two Mycoplasma spp., external and internal parasites, and Encephalitozoon cuniculi. The mouse room was monitored for all these organisms regularly. The mice were housed in a barrier facility, the Genetic Resources Building, and room entry procedures required personnel to don caps, facemasks, disposable gowns, shoe covers, and gloves.
All manipulations with the mice were conducted according to the American Association of Laboratory Animal Care program and approved by the Animal Care and Use Committee at The Jackson Laboratory (TJL, Bar Harbor, ME).
Blood cell preparation. Peripheral blood (ϳ250 l) was collected from the retroorbital plexus of each mouse using glass microcapillary tubes in a tube containing K 2EDTA as anticoagulant (BD Biosciences, San Jose, CA). Blood samples were centrifuged at 14,000 rpm for 10 min (4°C), and plasma was recovered and stored at Ϫ80°C for additional analyses. After centrifugation the cell pellet was resuspended in 0.5 ml FACS buffer (1ϫ PBS containing 2% FBS, 2 mM EDTA, and 0.02% NaN3), and subjected twice to erythrocyte lysis using 3 ml of Gey's hemolytic solution. Cells were next washed with 4 ml of PBS containing 2 mM K 2EDTA, resuspended with 100 l PBS, divided into three groups, and subjected to cell staining using premixed antibodies (see antibodies) and flow cytometry. Peripheral blood obtained from 3-mo-old male C57BL6/J mice (n ϭ 3) were included in each flow cytometry analysis over the course of study as assay control group.
Antibodies. In this study we used monoclonal antibodies recognizing cell surface antigens expressed on different cell types. Several fluorochrome conjugated antibodies were combined in three separate mixtures to obtain comprehensive phenotyping of a variety of immune cell populations (Table 2) . Mixture 1 was used to stain T cell subsets and included the following antibodies: anti-CD3e (clone 145-2C11) APC-Cy7, anti-CD4 (clone GK1.5) Cy3, and anti-CD8 (clone 53-6.7) PE. Mixture 2 was used to stain B cells, granulocytes, and monocytes and included: anti-CD45R/B220 (clone RA3-6B2) APC, anti-CD11b/ Mac-1 (clone M1/70) PE, and anti-Ly6G/Gr-1 (clone RB6-8C5) APC-Cy7. Mixture 3 was generated to specifically stain natural killer (NK) cells and included: anti-CD3e (clone 145-2C11) APC-Cy7, anti-NK1.1 (clone PK136) PE, anti-Lgl-1 (clone 4D11) APC, and anti-NKG2A/C/E (clone 20d5) FITC. Antibodies used in the study were purchased from eBiosciences (San Diego, CA) and BD Biosciences (San Jose, CA).
Flow cytometry. The cells were kept on ice until use. Propidium iodide (PI) was added prior to analysis to exclude dead cells and samples were run on the FACScan upgraded by Cytek Development (Cytek, Freemont, CA). At least 25,000 and up to 50,000 events were acquired per sample. Multicolor flow cytometry analyses were used to evaluate the proportions of different immune cell population. Acquired cell count files are analyzed with FlowJo software (Tree Star, Ashland, OR). Figure 1 shows raw data from one representative mouse with gating conditions. Viable cells are gated by forward scatter (FSC) and exclusion of PI (Fig. 1A) . Red blood cells were excluded as they have lower FSC than lymphocytes. Lymphocytes (Fig. 1B) were gated from the viable cells by FSC vs. SSC (side scatter). They were subsequently gated for T cells, B cells, and NK cells. T cells are gated from the lymphocyte gate on the basis of CD3 and CD4 expression for CD4 ϩ T cells ("T helper"), and CD3 and CD8 expression for CD8 ϩ T cells ("cytotoxic") (Fig. 1C) . NK cells (9) were reported as CD3
Ϫ cells divided into three subgroups: Lgl-1 ϩ , NK1.1 ϩ , and NKG2A/C/E ϩ (Fig. 1, D, E, F) . Total NK cells are cells that fall in any of those three gates. B cells are gated from the lymphocytes as positive for the CD45R/B220 antigen (B220 ϩ B cells) (Fig. 1G) . Granulocytes are gated from viable cells (Fig. 1H) (Fig. 1K) . Haplotype association mapping. The haplotype association mapping (HAM) analysis is employed in a two-step procedure. In the first step, genotype matrix of 63,222 loci across 29 inbred strains was imputed using Hidden Markov model (HMM) described in Szatkiewicz et al. (19) . The same method was used to infer haplotype states under the assumption of moderate level of linkage disequilibrium in this dataset. The HMM inferred haplotype blocks ranged from a single nucleotide polymorphism to 10 or more. Within each block, strains were grouped by the inferred local haplotype states. The number of distinct haplotype groups ranged between 2 and 5 across the genome. In step 2, we calculate one-way analysis of variance (ANOVA) F statistics at each block to determine the haplotype and phenotype association. The nominal P value of the test statistic was computed and then transformed into logarithm-of-the-odds score using Ϫlog10. The final P value was determined after multiple testing adjustments using family-wide error rate control. The analysis of association was done in the MATLAB computing environment (http://www.mathworks.com).
Statistical analysis. The 6-mo-old cohort consisted of 475 mice (240 females and 235 males). Raw data obtained from each blood sample were recorded using CellQuest (BD Biosciences, San Jose, CA) software, and the relative percentage of each cell population was calculated using FlowJo software (as described above). The statistical analysis was done using JMP software (SAS Institute, Cary, NC). Results were first calculated for each mouse, averaged per strain group (male and female groups were kept separately), and trimmed (if necessary) by removing values Ͼ3 SDs from the mean to moderate the effect of outliers. Results from the analysis were presented as mean percentage of each immune cell population Ϯ SE. The data set Mouse group numbers and names were adopted from Petkov et al. (13) . Group 1 includes 7 strains (n ϭ 7); group 2, n ϭ 5, group 3, n ϭ 4; group 4, n ϭ 5; group 5, n ϭ 3; group 6, n ϭ 3; group 7, n ϭ 3. can be found in the Mouse Phenome Database (http://www.jax.org/ phenome). Strain variations for each immune parameter between female and male groups were assessed using two-way ANOVA. A conventional value of P ϭ 0.05 was considered statistically significant in all tests. Bonferroni correction of P value was used to reduce the number of falsely significant results. The Bonferroni adjustment (P value corrected) was done by multiplying the P value by number of tests carried out (30 ϫ 8 ϭ 240 tests). The significant threshold was set at 0.0002 (0.05/240 ϭ 0.0002), and the corrected values less than the threshold are considered significant.
To assess the correlation between each pair of immune subsets among strains we used bivariate scatterplot fitting command of JMP and Pearson correlation coefficient (r) was calculated based on strain means. If there was an exact linear relationship between two variables, the correlation coefficient was Յ 1 or Ն Ϫ1, depending on whether the variables were positively or negatively correlated. R ϭ 0 indicated absence of correlation.
RESULTS AND DISCUSSION
In this study we determined the relative percentages of leukocyte subpopulations in peripheral blood obtained from mature (6-mo-old) mice. The analysis included major leukocyte subpopulations of lymphocytes, granulocytes, eosinophils, monocytes, and lymphocyte subsets including CD4
ϩ , and NK cells. Peripheral blood leukocytes from each mouse were analyzed independently according to the gating conditions presented in Fig. 1 , averaged per strain group, and presented separately for males and females to assess the effect of sex and strain on the immune phenotypes ( Figs. 2 and 3) .
The flow cytometry analysis of peripheral blood showed that the percentages of total lymphocytes (% LY) varied between 41.3 and 82.3% ( Fig. 2A , Table 3 ). Both female and male groups of C3H/HeJ mice had the lowest percentage of lymphocytes at 6 mo of age (female 46.6 Ϯ 2.3% and male 36.0 Ϯ 2.9%). In contrast, female RIIIS/J mice and male C57L/J mice had the highest percentages of peripheral blood lymphocytes (respectively 86.0 Ϯ 1.8% and 80.6 Ϯ 2.2%). Results showed that the extremes (minimal %lymphocytes: female 44.3 and male 36.0%, maximum %lymphocytes: female 86.0% and male 80.6%) were twofold different from the overall strain means (female 65.8% and male 63.1%), suggesting moderate variations of lymphocytes among the inbred mouse strains. Our results were in agreement with the results described previously (8) , showing that C3H/HeJ mice had the lowest proportion of PB lymphocytes among 15 inbred strains. However, the percentages of PB lymphocytes in C3H/HeJ mice in that study (female 75.7 Ϯ 4.3%, male 72.3 Ϯ 14.0%) were higher compared with our results (female 46.6 Ϯ 2.3%, male 36.0 Ϯ 2.9%). This discrepancy could be due to several reasons: 1) different method (complete blood cell count vs. flow cytometry) used in these two studies, 2) different age of the mice (3-4-mo-old vs. 6-mo-old), or 3) more pathogen exposure in the facility with higher lymphocytes compared with our specific pathogen-free barrier facility. Interstrain comparison revealed a high degree of similarity in the percentage of lymphocytes among group 4 (C57/C58-related strains) used in our study including: C57BLKS/J, C57BL/6J, C57BL/10J, C57BR/cdJ, and C57BL/J (females 71.7, 71.5, 73.7, 77.1, 75.1% and males 68.1, 78.2, 78.2, 78.4, 80.6%) ( Table 3 ). The same similarity of %lymphocytes existed among the wild-derived strains: MOLF/EiJ, PWD/PhJ, and WSB/EiJ. Female group had values of 64.1, 69.1, 67.3% and male group has values of 62.5, 65.3, 62.0%, respectively. These results suggested a genetic influence on lymphocyte proportions, most pronounced for group 4, which could be explained for example with the fact that C57/58 strains are derived from a common ancestor (13) . In contrast, other strains belonging to the same group showed variability. For example, several strains including C3H/HeJ, MRL/MpJ, AKR /J belonging to mouse group 1 (Bagg albino derivatives) exhibited low percentage of lymphocytes (females 46.6, 44.3, 43.0, males 36, 49.6, 55.1), others (CBA/J, A/J, BALB/cByJ) had intermediate (females 61.8, 65.5, 66.3% and males 63.0, 59.8, 64.4%), and one (PL/J) had high proportions of lymphocytes (female 78.1%, male 72.1%). Strains belonging to groups 2, 3, 5, and 6 also showed substantial variability. This variability of lymphocyte proportions could be explained with the fact that some strains are derived from crosses of strains belonging to different mouse groups, which creates variability among the strains belonging to the same group.
To evaluate the effect of sex, the means of lymphocytes were compared for each mouse strain, and the P value was calculated. To validate our results and eliminate false-positive significant results, P values were subjected to Bonferroni correction. Significant difference (P value corrected Ͻ0.0002) between the two sexes was observed in 1 of 30 strains (Table 3) .
Granulocytes and monocyte/macrophage lineage cells comprise the innate immune system, which is responsible for recognizing and destroying foreign pathogens. Because of the importance of the members of the innate immunity, we included granulocytes, eosinophils, and monocytes (Fig. 2, B , C, D and Table 3 ). In mice, blood granulocytes (eosinophils, neutrophils, and basophils) consist mainly of neutrophils, and their number in physiological conditions is tightly regulated (18) . We separated the granulated cells based on the expression of Gr-1 and SSC in two groups: granulocytes/neutrophils (SSC high Gr-1 high ) and eosinophils (SSC high Gr-1 mid-to-low ). Our results demonstrated that the 30 inbred strains displayed significant variation in granulocytes (Fig. 2B) . Extreme values were represented by RIIIS/J (females 2.7 Ϯ 1.1%), C57BL/6J (males 3.5 Ϯ 1.4%), AKR/J (females 31.9 Ϯ 4.0%), and C3H/HeJ 
Continued (males 46.0 Ϯ 3.1%). C57BL/6J, MOLF/EiJ, RIIIS/J, C57BR/ cdJ, C57BL/10J, and C57L/J strains had the lowest proportions of granulocytes (Fig. 2B) . With the exception of MOLF/EiJ and RIIIS/J, these strains with low percentages of granulocytes belong to group 4 (C57/58 strains) of the mouse family tree. In contrast, AKR/J and C3H/HeJ, both members of group 1, had the highest proportions of granulocytes. Results also demonstrated that several strains including SJL/J, FVB/NJ, and C3H/HeJ demonstrated substantial but not significantly different (P value Ͼ0.0002) discrepancy between the two sexes (Table 3) with higher percentage of granulocyte in males compared with females. This result showed that SJL/ L male mice were enriched in granulocytes compared with females, which could be explained with their aggressiveness resulting in frequent scuffing, jumping and fighting. Our comprehensive flow cytometry analysis allowed us to separate eosinophils from the granulocyte/neutrophil group. Eosinophil counts are presented in Fig. 2C and Table 3 . The overall mean of this cell population is 3.29 Ϯ 1.3% with lowest and highest percentage of 1.1 Ϯ 0.6 and 7.6 Ϯ 2.1%, respectively. There were no significant difference between males, and strains belonging to the same mouse group showed variations in eosinophil percentages. Note the marked variations between the strains with the lowest (female and male RIIIS/J) and the highest (female 129S1/SvImJ and male MRL/MpJ) counts (9.6-fold for 129S1/SvImJ vs. RIIIS/J and 6-fold difference for MRL/MpJ vs. RIIIS/J). These differences can be exploited for physiological studies and quantitative trait locus (QTL) analysis.
Mouse monocytes (5) were identified in this study as cells with low intracellular granularity and expressing CD11b/ Mac-1 cell surface antigen (SSC low CD11b ϩ ). Figure 2D and Table 3 showed that 2 (WSB/EiJ and NON/LtJ) out of 30 of the inbred strains exhibited sexual dimorphism between females and males regarding monocyte percentages, however, the difference was not significant (P ϭ 0.0001). Males exhibited slightly higher percentage of monocytes compared with female members of the same strain. The lowest monocyte percentage was measured in CBA/J (female 2.5 Ϯ 0.8%) and RIIIS/J (male 3.8 Ϯ 1.0%) strains and the highest in female LP/J (16.4 Ϯ 4.7%) and male NON/LtJ (26.5 Ϯ 2.0%) mice. Overall, the inbred strains (n ϭ 30) also demonstrated substantial variations between the strains with the lowest and highest percentages of monocytes (females 4.6-fold and 6.9-fold for males). Moderate individual differences among the members of the same groups also existed.
Studies conducted at The Jackson Laboratory by Peters's group (12) have previously reported a set of hematolologic parameters, including %lymphocytes, neutrophils, and monocytes across 43 inbred strains. The authors showed marked variations in total white blood cell counts among the inbred strains (fourfold difference). Despite the different method used in their study, blood cell sedimentation assay, and the younger age of the mice (10 wk), a correlation between their data and ours has been found. For example, the average percentages of lymphocyte in their study are 79.2 Ϯ 5.29% for females and 75.5 Ϯ 6.94% for males. We report here an average percent of 63.1 Ϯ 11.5% for females and 65.6 Ϯ 10.9% for males. 
Lymphocyte values in our study are lower but not significantly different from Peters's data. Moreover, C57L/J, C57BR/cdJ, C57BL/10J, and RIIIS/J strains had the lowest proportions of granulocytes/neutrophils in contrast to KK/HlJ and NON/LiJ, which had the highest values in both studies. It should be noted that the mice used in these two studies are of different age, 10 wk vs. 6 mo, and aging has impact on immune cells proportions in peripheral blood. Importantly, the correlation with Peters's data indicates that the immunophenotyping approach used in the study is reliable and highly reproducible. Lymphocytes specifically recognize and respond to foreign antigens and consist mainly of B and T lymphocytes. Our results showed that the overall mean percentage (calculated as percent of total lymphocytes) of B220 ϩ B cells was 49.1 Ϯ 4.1% (Fig. 3A) . The relative percentages of B220 ϩ B cells demonstrated substantial variation among the strains, the mean varying from 6.9 to 83.6% among females and 17.4 to 77.6% among males. PL/J strain had the lowest percentage of mature B cells (female 6.9 Ϯ 0.8%, male 17.4 Ϯ 1.8%) compared with female C57BL/10J and male C57BL/6J, which had the highest percentages (83.6 Ϯ 1.5% and 82.0 Ϯ 2.1%). Results also demonstrated that 2 out of 30 strains exhibited significantly different (P Ͻ 0.0002) disparity between the sexes (see Table 4 ). Among 30 strains, 22 strains had higher percentage of B220 ϩ B cells in males compared with females, and only few strains demonstrated the prevalence of B220 ϩ B cells in females. This result suggested that male mice were enriched in B cells compared with females. This observation was in concordance with previously published studies conducted using different mouse stocks but leading to the same conclusion (21) .
The second large group of PB lymphocytes consists of T cells, which generate cell-mediated immune responses to antigens. In this study, we focused on CD4 ϩ and CD8 ϩ T cell subsets based on their important functional properties: CD4 ϩ T cells are associated with helper function and CD8 ϩ T cells are associated with cytotoxic function. The overall mean percentages of CD4 ϩ T (Fig. 3B) and CD8 ϩ T cell subsets (Fig. 3C ) were similar for both females and males (18.4 vs. 16 .0% for CD4 ϩ and 15.7 vs. 14.5% for CD8 ϩ ). Strain comparison revealed a large degree of variation in percentages of these two T cell subsets among the 30 inbred strains. CD4 ϩ T cells demonstrated 28.5-fold (female) and 15.8-fold (male) difference and CD8
ϩ T cells had 6-fold (female) and 20.6-fold (male) difference. C57BL/10J and NON/LtJ mice had the lowest percentages of CD4 ϩ T and CD8 ϩ T cells, whereas PL/J and SJL/J mice showed the highest values for both parameters (for exact values see Table 4 ). As expected, we observed a general inverse correlation between B220 ϩ B cell and T cell (CD4 ϩ and CD8 ϩ ) percentages, best exemplified by PL/J (high percentages of CD4 ϩ and CD8 ϩ and low percent- ϩ T cells as well, demonstrating positive correlation between these two subsets.
The average overall mean value of NK cells was within the reference range of 5% (female 4.7 Ϯ 1.7%; male 4.4 Ϯ 1.6%), but there was substantial difference between the lowest and the highest values among the 30 strains (Fig. 3D) . In both female and male groups, the wild-derived strain MOLF/EiJ and the laboratory strain PL/J and had the lowest percentage of NK cells (MOLF/EiJ female 0.5 Ϯ 0.2%, and male 0.6 Ϯ 0.4%; PL/J female 0.6 Ϯ 0.4%, and male 0.8 Ϯ 0.3%). In contrast, NZO/HlLtJ had the highest (female 13.1 Ϯ 1.9%; male 13.7 Ϯ 1.8%). MOLF/EiJ and PL/J exhibited low expression of all three NK specific cell surface markers such as NK1.1, Lgl-1, and NKG2A/C/E (data not included). Our results showing NK cell deficiency in peripheral blood obtained from PL/J mice correlated with previously reported decreased NK activity in the same strain (10) . Interestingly, NZO/HlLtJ, NON/LtJ, and NZW/Lac/J, all members of group 3, had high percentages of NK cells (Table 4) . No significant (P Ͻ 0.0002) sex-specific difference in NK percentages was detected between the female and male groups.
To determine the correlations between the immune cell populations and get an insight about genetic factors regulating immune cell homeostasis, we compared the strain means for each immune trait pair. Correlation studies shown in Table 5 revealed statistically significant (P Ͻ 0.0001) positive correlation between CD4 ϩ and CD8 ϩ T cells (r ϭ 0.41), and eosinophils and monocytes (r ϭ 0.07). Other combinations of two variables demonstrated negative correlation, such as: lymphocytes and granulocytes (r ϭ Ϫ0.72), lymphocytes, and monocytes (r ϭ Ϫ0.13), B220 ϩ B cells and CD4 ϩ T cells (r ϭ Ϫ0.68), B220 ϩ B cells and CD8 ϩ T cells (r ϭ Ϫ0.53), CD4 ϩ T cells and NK cells (r ϭ Ϫ0. 19) , and CD8 ϩ T cells, and NK cells (r ϭ Ϫ0.10). This data suggest genetic overlap in the regulation of CD4 and CD8 T cells, myeloid cells including monocytes, and eosinophils, and provide information for further investigation.
Our data showed compelling evidence for significant (Ͼ2-fold) interstrain variations in all immune parameters, suggest- 
Results from the analysis were presented as mean percentages of each lymphocyte subpopulation. B, CD4 T, CD8 T, and natural killer (NK) cells are presented as % of lymphocytes Ϯ SE. P value corrected is set at 0.0002, and the corrected values less than the threshold are considered significant. ing genetic control of immune phenotypes. To associate this natural diversity of peripheral blood cell counts with discrete genomic regions we applied HAM (15, 19) . The comprehensive phenotype data, large number of inbred strains (n ϭ 30), and the availability of sequence data for these strains allowed us to expect sufficient statistical power of the HAM. The data obtained for all eight immune phenotype traits were used in the analysis. Results demonstrated that, three of the immune phenotypes including eosinophils, CD4, and CD8 had HAM peaks above genome-wide suggestive threshold level of P ϭ 0.63. Female and male data were separated and run independently. Figure 4A shows the HAM scans of female eosinophils. Using our data (%eosinophils) we identified 16 HAM peeks above the genome-wide accepted threshold (P ϭ 0.63), three peaks above the suggestive P value of 0.10, and two peaks above the significant value of P ϭ 0.05. The same assay demonstrated a peak on chromosome 6 in males, however, the P value didn't reach the threshold of 0.63 (data not included). The most significant P values HAM peaks obtained for eosinophils (female group) were located on chromosomes 6 and 14 ( (Fig.  4B ) and contained two genes: ribosomal protein S2 and Tsc22d1. Tsc22d1 is a transcription regulator, member 1 of TSC22 (transforming growth factor-beta stimulated clone 22) domain family. Tsc22d1 is expressed in different tissues including hematopoietic system [Mouse Phenome Database (MPD), http://www.informatics.jax.org]. Recent studies have shown that TSC22 induces erythroid differentiation (3); however, the role of its member 1 in myeloid differentiation has not been thoroughly investigated. Future experiments should be conducted to determine whether Tsc22d1 indeed regulates the proportions of eosinophils in peripheral blood.
In summary, we conducted an immune survey of 30 inbred mouse strains of different origins. Our data demonstrated: 1) high degree of strain-related variations in immune cell populations, 2) considerable variation of each immune trait with more than twofold difference between strains with the highest and the lowest trait values, 3) continuous distribution of the means of the immune cell populations for the majority of the strains, suggesting that multiple genes and or/alleles control the numbers of immune cell populations in peripheral blood, 4) a strong correlation, revealed by haplotype analysis, between eosinophil percentage and a single region on chromosome 14 containing two candidate genes.
Our data set provide the most complete assessment of relative leukocyte measurements of murine peripheral blood of inbred mouse strains using a standardized flow cytometry protocol. Several applications emerge from the current data. First, it could serve as reference data to study the genetic control of immune cell homeostasis using QTL analysis of a cross between inbred strains showing extreme phenotype values. Indeed, recent findings by Valdar at al. (20) have mapped QTLs for several complex immunological phenotypes (CD4 ϩ , CD8 ϩ , and CD4/CD8 ratio) using heterogeneous mouse stock. Second, it could be used in longitudinal cohort studies to monitor age-related changes in immune cell populations to define age-related biomarkers. Third, this immune survey will add substantial information to the comprehensive phenotype characterization of inbred mouse strains and could be used to correlate with other phenotype data using information stored at MPD (11) .
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We thank Theodore Duffy for the flow cytometry consultation; Neeta Kumari, Dana Godfrey, Millie So, and David Shultz for technical assistance; and David Serreze, Petko Petkov, and Luanne Peters for critical reading and helpful suggestions. Fig. 4 . Haplotype association mapping (HAM) identifies highly significant association of eosinophil trait with 2 regions on chromosomes 6 and 14. A: HAM scan of eosinophils using female data were obtained from 29 inbred strains (MOLF/EiJ strain was not included). Single nucleotide polymorphism (SNP) data were used from Build 36 version 5.5. Significant P values (P Ͼ 0.05) were obtained for 2 regions located on chromosomes 6 and 14 (indicated by arrows). The peak on chromosome 6 located between 30.4 and 105.3 Mb. The genomic position of the second peak located on chromosome 14 was narrow, located between 74.9 and 75.1 Mb. P ϭ 0.05 was considered significant, P ϭ 0.10 suggestive, P ϭ 0.63 threshold level. B: visualization of the 74.9 -75.1 Mb region on chromosome 14. SNP alleles were shown in different colors. The strains were listed in specific order, from low to high percentage of eosinophils. The region containing informative SNPs has been framed.
